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ABSTRACT 
THE NUTRITIONAL VALUE OF SELECTED VEGETARIAN DIETS 
by Kathleen R. Wheeler 
The complementary effect of various vegetable proteins as eaten 
by humans in vegetarian meals was evaluated using the PER method in 
rats. In addition, the quality of leaf protein as the only protein 
source in one of the diets was evaluated. 
Five diets were formulated consisting of a typical breakfast 
menu, a typical lunch, a typical supper, a combination of the three 
meals, and a mixture of green leafy vegetables. The diets were iso-
caloric and isonitrogenous and consisted of 10% protein, 8% fat, 69% 
carbohydrate, 7% cellulose, 4% mineral mixture, and 2% vitamin mixture. 
The control diet was prepared using casein at a 10% protein level. 
Sixty male, weanling Sprague-Dawley rats were divided into six 
groups of ten each and fed one of the six diets. Five weeks were used 
to study the protein efficiency ratio (PER) of the test and control 
diets. 
The PER of the control diet was significantly (p (.01) higher 
than all other diets during the first four weeks of the study, but 
during. the fifth week, was not statistically different from the test 
diets. There was no significant difference among the PER's of the 
five test diets. The combination diet had PER values that averaged the 
PER values of the breakfast, lunch, and supper diets. It appears that 
the protein quality of leafy green vegetables is similar to that of a 
mixed vegetarian diet. The reasons for the exceptional high PER values 
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Traditionally it has been assumed that the only way to obtain 
enough of the right kind of protein in the diet was to eat animal
Parents of teen-agers became quite concerned a fewprotein foods.
years ago when the trend in eating habits of certain young Americans
shifted from the traditional meat based diet to a diet based on plant
foods (Anon., 1974). Most nutritionists state that the vegetarian
diet can adequately supply the body's protein requirements, provided, 
of course, that careful planning is done (Hardinge and Crooks, 1963;
Anon., 1974; Am. Dietet. Assoc., 1980).
It is now known that the most important factor in determining the
quality of a protein is the relative concentration of amino acids 
(Bressani and Behar, 1964). Proteins are composed of essential and
Essential amino acids must be supplied bynon-essential amino acids.
the diet because the body does not synthesize them in adequate amounts. 
Non-essential amino acids can be synthesized by the body provided 
enough nitrogen is supplied by the protein (Mitchell, Ryhbergen, 
Anderson, and Dibble, 1976). If one of the essential amino acids is
lacking, the rate of protein synthesis will be limited to the extent 
to which that amino acid is present (Altschul, 1965). The distribution
of essential amino acids in egg is ideal and can support protein
Because of this quality, egg is used assynthesis at a maximum rate, 
a reference protein (Friedman, 1975).
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Plant proteins, when compared to egg, are found to be limiting in 
one or more essential amino acid (Anon., 1970). Using a complementation 
method, foods limiting in one or more essential amino acid can be mixed 
with another food that is high in that limiting amino acid, providing 
a protein containing all of the essential amino acids in the amounts 
needed. A second method of improving plant quality is supplementation, 
in which the deficient essential amino acids are added (Giles and
Hobday, 1976). Complementation and supplementation are often used 
interchangeably in the literature, but are actually different methods 
used to improve protein quality.
Studies reported on the improvement of plant protein quality have 
basically been of three types, namely: (1) complementing the plant 
food with a high quality animal food such as egg or milk, (2) mutual 
complementation of plant proteins, or (3) supplementing the plant 
food by addition of the limiting amino acid.
Since casein from milk is used as a control in rat studies and egg 
is used as a reference protein (Friedman, 1975), it isn't too surprising 
that the protein quality of plant foods would increase when complemented 
by milk or eggs. For the person on a total vegetarian diet who uses 
neither eggs nor milk in the diet, these studies have little meaning.
The effects of complementing only two or three foods have been reported 
by Oke (1975) and Clarke (1978). Since all plant foods with the 
exception of pure sugar and pure fat contain some protein (Wat and 
Merrill, 1975; Adams and Richardson, 1981), it would be expected that
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the protein quality of a complete diet would be higher than the quality 
of only two or three complementary plant proteins.
Leaf protein is becoming more and more prominent as a source of 
low cost protein.
application of leaves as a source of protein (Buchanan, 1969; Pirie,
Research has been done on methods of extraction and
1972; La Vaut, 1978; Rao, Mallikerjuna and Rao, 1980). Since the green
leaf is the primary source of all proteins, it should and does contain 
a suitable pattern of amino acids (Oke, 1975). The essential amino acid
composition is as good as that of meat and fish, and better than that 
of seed proteins (Pirie, 1972; Giles and Hobday, 1976).
This study was designed to determine the complementary effect of 
vegetable proteins in meals as could be included in a total vegetarian 
The effect of protein complementation by meal as well as by total 
daily food intake was also investigated.
proteins from a mixture of leafy green vegetables was evaluated.
diet.
Lastly, the quality of leaf
REVIEW OF LITERATURE
An emphasis on the quality of complementary vegetable proteins was 
reviewed. The review of the literature included the following: 
adequacy of vegetarian diets, complementary effects of proteins, 
amino acid supplementation of vegetable proteins, complementation of 
vegetable proteins, and leafy green vegetables as a protein source.
Adequacy of Vegetarian Diets
A comprehensive nutritional study (Hardinge and Stare, 1954) showed 
no evidence of protein deficiency in persons eating a vegetarian diet. 
The intake of nutrients by non-vegetarians, lacto-ovo-vegetarians and 
total vegetarians equaled or exceeded the Recommended Dietary Allowances 
of the National Research Council for all nutrients with the exception
in the diets of total vegetarians. A later report 
(Hardinge, Crooks and Stare, 1966), analyzing the diets of non­
vegetarians, lacto-ovo-vegetarians and total vegetarians found that all 
groups had diets exceeding twice the minimum requirements for essential 
amino acids. The fact that vegetarian diets can adequately supply the 
body's protein needs has been confirmed by other investigators (Sanchez, 
Scharffenburg and Register, 1963; Register and Sonnenburg, 1973; Anon., 
1974; Van Dokkum and Luyken, 1976; Taper and Cook, 1980). The American 
Dietetic Association (1980) recently published a position paper on the 
vegetarian approach to eating, stating that a well planned diet,
of vitamin B 12
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consisting of a variety of largely unrefined plant foods, supplemented 
with some milk and eggs (lacto-ovo-vegetarian diet) does meet all known
nutrient needs. Furthermore, a total plant dietary can be made adequate
by careful planning, giving proper attention to specific nutrients which
may be in a less available form or in lower concentration or absent in
plant foods. In fact, it is difficult to consume a total vegetarian diet
that is low in protein unless large amounts of essentially non-protein 
foods such as sugar, jams, and jellies are eaten (Hegsted, Trulson and 
White, 1955; Rose and Hegsted, 1956). The diets of plant origin provide
protein of a high quality (Sanchez, et al, 1963). Bressani and Behar
(1964) state that from a nutritional point of view, animal or vegetable
proteins should not be differentiated. It is known today that the
relative concentration of the amino acids, particularly of the essential 
ones, is the most important factor determining the biological value of V- £4-1/^a protein ... By combining different proteins in appropriate ways, 
vegetable proteins cannot be distinguished nutritionally from those
of animal origin. The amino acids and not just the amount of protein
should be considered as the nutritional units.
Complementary Effects of Protein
It is well known that foods limiting in one or more essential 
amino acid can be complemented by another food that is high in that 
limiting amino acid resulting in a good quality protein (Anon., 1959;V
Akyroyd and Doughty, 1964; Scrimshaw, 1969; Giles and Hobday, 1976).
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In general, cereals are low in lysine and threonine, but are high in
methionine, while legumes are low in methionine but contain adequate
When eaten together, the defiencies of one are 
balanced by the adequacy of the amino acid in the other (Giles and
lysine and threonine.
Hobday, 1976; Robinson and Lawler, 1977).
Amino Acid Supplementation of Vegetable Proteins
When single amino acids are added to food items, it is referred to
as supplementation. Several studies have been reported on the
supplementary effect of amino acids on vegetable proteins. Hegsted 
et al (1955) demonstrated the supplementary effects of lysine and lysine
plus methionine on all-vegetable protein diets. Eight young women were
kept on a 1.7 gram nitrogen depletion diet for seven consecutive days. 
The average daily nitrogen loss during the depletion period was 3.04
During the next five days, a basal diet providing 3.96 gramsgrams.
nitrogen from all-vegetable sources was given. Four of the women
received a 0.9 gram lysine supplement and the other four received
glycine. The lysine supplemented group had an average daily nitrogen
retention of 0.22 grams per person, while the glycine supplemented group
At the endlost an average of 0.13 grams nitrogen per person per day.
of the five day period, the effect of methionine supplementation was 
All subjects were then given 0.9 gram lysine daily and instudied.
addition, two subjects from each previous group were given 1 gram of
methionine. The remaining subjects received a glycine supplement equal
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to the amount of nitrogen provided by the methionine. Both groups
receiving the methionine supplement showed an increased nitrogen
retention beyond that accounted for by lysine only.
Similarly, supplementation by lysine and methionine increased the 
quality of an isolated soybean protein textured food (SPTF) when fed to 
laboratory rats. At a 10% protein level, the average protein efficiency
ratio (PER) was 2.64. When 0.25% lysine was added, the PER increased
to 2.71, but was not significant. The addition of 0.30% methionine to 
the SPTF resulted in the PER increasing slightly to 2.81. When both 
lysine (0.25%) and methionine (0.30%) were added, the PER significantly 
increased to a value of 2.95 (Bressani, Viteri, Elias, deZaghi, 
Alvarado, and Odell, 1967).
Guggenheim and Szmelcman (1967) showed that PER values were 
increased when laboratory rats were fed a vegetable protein mixture 
(VPM) supplemented with lysine. The VPM consisted of 47% autoclaved 
chick peas, 35% defatted sesame flour, and 18% heat-processed low-fat 
soybean flour. The essential amino acids were analyzed and lysine was 
found to be the most limiting when compared to the pattern required for 
growing rats. On a VPM diet of 10% protein, the PER was 2.48. When 
lysine (200 mg per gm nitrogen) was added, the PER significantly
increased to 2.82. The PER of the casein control was 2.67.
In a study done on seven human subjects, Bailey and Clark (1976) 
showed that nitrogen retention improved from 0.54 grams per day to 1.29 
grams per day (p<0.01) when lysine was added to a rice-wheat diet.
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In a similar study (Clark, Moon, Bailey and Panemangelore, 1976), 
eight human subjects were fed diets containing 6 grams nitrogen from
rice and wheat. The average nitrogen retention was 0.39 grams per day. 
When a tryptophan supplement was given, the average nitrogen retention
increased only slightly to 0.43 grams per day, an insignificant value.
When both tryptophan and lysine were added, the nitrogen retention 
significantly increased to 0.68 grams per day.
In an animal study reported by Drouliscos (1976), adding an amino
acid mixture to a 10% protein diet from dried tomato pomace increased 
its protein efficiency ratio from 2.18 to 2.33. 
per kilogram of diet consisted of lysine (2 gm/kg), methionine (5 gm/kg), 
phenylalanine (6 gm/kg), histidine (5 gm/kg), isoleucine (4 gm/kg), 
leucine (4 gm/kg), valine (3 gm/kg), and threonine (2.5 gm/kg).
PER for the casein control group was 2.04.
Corn that had been genetically manipulated to increase the lysine
The amino acid mixture
The
content, when tested in animal studies, showed a higher PER than the 
common varieties (Maffia, Clark and Mertz, 1976). At an 8.6% protein
level, the two varieties of high lysine corn showed PER's of 2.83 and
2.74 compared to a PER of 1.50 for common corn and a casein control
value of 3.63.
In another animal study (Kon, Wagner and Booth, 1974), 0.6% DL-
methionine added to California small white beans or pinto beans
increased the protein efficiency ratio to a value similar to that
for casein.
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Complementation of Vegetable Proteins
Rao and Swaminathan (1969) summarized several animal and human 
studies showing amino acid complementation. The authors state that 
peanut proteins complement wheat, oat, corn, rice, and coconut proteins 
to a significant extent; being rich in lysine and valine, soybean 
proteins complement those of wheat, corn and rye; a mixture of soy and 
sesame proteins has a high nutritive value comparable to milk proteins; 
and the proteins of legumes and leafy vegetables remarkably complement
those of cereals.
Several other studies have been reported on the effects of 
complementary vegetable proteins. Porter (1957) showed that when an 
18% protein mixture of gluten and wheat germ was fed to rats, the PER 
increased 347% over the PER values for gluten and wheat germ when fed 
separately. In the same manner, gluten complemented with soybeans 
resulted in a PER 138% greater than that of the two proteins fed 
individually. Other combinations and their percentage increase in PER 
were: gluten and yeast, 85%; gluten and cashew, 84%; gluten and green 
peas, 81%; gluten and garbanzos, 80%; gluten and lentils, 78%; gluten 
and peanut, 38%; gluten and lima beans, 24%; and gluten and gelatin,
22%.
Hizon (1958) showed that when a 12% protein mixture of peanuts and
cashews was fed to rats, the PER increased 47% above the PER values
for peanuts and cashews fed separately. Likewise, the complementation
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of peanut and wheat germ increased the PER 42%, peanuts complemented 
with sunflower seeds increased 28%, peanuts and garbanzos increased 
25%, peanuts and soyflour increased 21%, and the increase in PER when 
peanuts were fed with sesame seed meal was 10%. Feeding triple 
combinations of wheat germ, peanuts, and cashews resulted in a PER of
Individual PER's were:2.45. peanut, 1.78; wheat germ, 2.55; cashew, 
Quadruple combinations of peanut, soyflour, wheat germ, and2.64.
sesame resulted in a PER of 2.32. The individual PER for soyflour was
2.48.
In a similar study, Bressani and Scrimshaw (1961) showed that when 
maize complemented with cowpeas was fed to rats, the PER increased above 
the values obtained when maize and cowpeas were fed separately.
Myers (1966) tested the PER values for lentils, pinto beans, and 
combinations of legumes (lentils or pinto beans), cereals (corn or 
wheat), and oilseeds (peanuts or pecans). When fed to rats separately, 
the PER value for lentils was 1.08 and for pinto beans was 1.55. A 
complementary mixture of lentils, peanuts and corn increased the PER 
to 2.29. Lentils, whole wheat flour, white flour, and pecan meal
resulted in a PER of 2.28. A mixture of pinto beans, corn, and peanuts
increased the PER to 2.31, and complementing pinto beans with whole 
wheat flour, white flour, and pecans furthur increased the PER to 2.47. 
Maffia et al (1976) showed that when corn complemented with beans
was fed to laboratory rats at an 8.6% protein level the PER increased
from 1.50 to 2.63. Adding beans to a genetically adapted, high-lysine
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variety of corn showed no significant difference in PER.
Antunes and Markakis (1977) demonstrated that the protein quality
of navy beans, which are low in sulfur amino acids, could be improved
by complementation with Brazil nuts, a high source of methionine. Fed
Whento rats at a 10% protein level, the PER for navy beans was 1.50. 
fed at a bean protein to Brazil nut protein ratio of 80:20, the PER
increased to 2.42.
Woodham and Clarke (1977) demonstrated the synergistic effect of
feeding rats a mixture of soybean meal and groundnut meal. When fed 
individually at a 10% protein level, the PER for groundnut meal was
1.46, and 1.79 for soybean meal. When fed together at a soybean to
groundnut ratio of 80:20, the PER increased to 2.09.
The weight gain of rats on vegetable protein diets was studied 
by Sanchez, Porter and Register (1966). A complete week's diet of
plant foods was selected from a college cafeteria and divided into two
groups, vegetable entrees, and the remainder, or basal diet. The six
diets fed to the rats contained the basal diet plus one or more of the
following: vegetable entrees, skim milk, whole milk, soy milk, and a 
meat mixture. The basal diet plus vegetable entrees resulted in the 
lowest weight gain, 17.2 grams per week. The addition of vegetable
entrees plus skim or whole milk increased weight gain to 37.2 grams per
When soy milk replaced cow's milk, the weight gain was 37.4 grams 
Replacing vegetable entrees with meat resulted in a weight 




No significant difference (p<.10) was found between diets with added 
milk, soymilk, meat, or meat and milk.
The effects of protein complementation in complete meals was 
studied by Hegsted et al (1955). Eight young women were fed all- 
vegetable protein diets and nitrogen retention was recorded. After a 
three day depletion diet supplying 25 grams of all-vegetable protein and 
2060 calories, the women were placed on a basal diet of 48% protein from 
all-vegetable sources, and 2715 calories. The five day metabolic study 
showed a strong positive nitrogen retention at this level of protein 
and equilibrium with lesser retention was seen when the diet was
reduced to 25% protein and 2245 calories. The authors conclude that
the protein of fruits and vegetables, which previously had not been 
considered to be of importance in protein nutrition, may be an important 
addition to the cereal proteins.
In another study (Register, Inano, Thurston, Vyhmeister, Dysinger, 
Blankenship, and Horning, 1967), six human subjects were given vegetable 
protein mixtures prepared to simulate meat products. The diets compared 
favorably with the non-vegetarian diets in maintaining nitrogen 
balance.
Leafy Green Vegetables as a Protein Source
Giles and Hobday (1976) report that the amino acid pattern of 
leaves shows they contain relatively high levels of lysine, methionine/
cystine, threonine and tryptophan as compared to average levels in the
13
proteins of legumes and cereal-grain staples. Compared to other crops.
leaves contain about average levels of valine, isoleucine, phenyl­
alanine/tyrosine and leucine. The percentage of essential amino acids 
(46%) is higher than seed crops. The overall protein quality is almost 
as good as soybean, and can be improved with complementation.
/
Oke (1969) summarized several human and animal studies showing the 
high nutritional value of leaf protein. Doraiswamy, Singh and Daniel 
(1969) reported an improvement in growth, general nutritional status.
and nitrogen metabolism in children when leaf protein was added to a 
diet based on ragi (millet). Eighty boys between the ages of six and 
twelve were divided into four groups on the basis of initial height and 
weight, and fed one of four diets. The diets were the following: (1) 
basal, composed of fruits, vegetables and skim milk powder, (2) basal 
plus 0.66 grams L-lysine, (3) basal plus 15 grams lucerne leaf protein, 
and (4) basal plus 24 grams low-fat sesame flour. The basal diet 
contained 1671 calories, 39 grams protein and 1.79 grams lysine. Diet 2 
had 1673 calories, 39 grams protein and 2.29 grams lysine. Diet 3 
consisted of 1672 calories, 49 grams protein and 2.34 grams lysine, and 
diet 4 had 1675 calories, 49 grams protein and 2.05 grams lysine.
Recommendations for protein and lysine were 54 grams and 1.36 grams
At the end of the six month period, the children on therespectively.
leaf protein complemented diet had heights and weights significantly
greater than children on any other diet. Average height increase over
the control was 2.64 cm., and average weight increase, 0.81 kg.
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Hemoglobin and red blood cell (RBC) counts were significantly greater in 
leaf complemented diets than in the control, and were also higher than
the other test diets, but that value was not significant. Improvement 
in general nutritional status and nitrogen balance was also significantly 
higher in all test groups than in the control group, and again the leaf 
protein complemented diet group showed the greatest improvement, but was 
not significantly different from other test groups. The author 
concludes that the superiority of leaf protein over lysine as a dietary
addition was evidently due to the adequacy of lysine and improvement
of protein quality in the diet.
Summary
The results of these animal and human studies show that the
protein quality of a vegetable protein can be increased by combining 
it with a complementary vegetable protein. With multiple combinations 
or complete meals, more complementary combinations are possible, so one 
would expect the protein quality to increase.
The complementary effect of various proteins in complete meals 
as eaten by total vegetarians was evaluated in this study. In 
addition, the quality of leafy green vegetables as the only source of 
protein in the diet was investigated. These foods were evaluated using 
the PER method in growing rats, which is defined as the weight gain 
of the test group in grams divided by the grams of protein consumed
(Friedman, 1975).
MATERIALS AND METHODS
Sixty male, weanling rats of the Sprague-Dawley strain wereAnimals:
The rats were housed in individual raised-wireused in this study.
Temperature inside the room was maintained at 70°F. 
Lighting was controlled so that the rats had 12 hours of daylight and 12
To minimize spillage, food was placed in special
bottom cages.
hours of darkness.
procelain conical cups, and the cups placed inside a glass jar.
Prior to being fed the test diets, the
Food
and water were given ad libitum, 
rats were fed a standard laboratory rat chow (Purina) for two days to
On the second day, theallow them to adjust to their new environment.
rats were weighed, and on the basis of their weights, placed in one of 
six groups so that each animal in a group had a corresponding animal in
The total weight of each groupall other groups with a similar weight.
was within 2 grams of every other group.
Collection of data: The rats were fed daily. The food spilled inside
the glass jars or not eaten was collected and weighed. The weight was 
subtracted from the weight of the food previously given to determine the 
amount of food eaten. Fresh food was weighed and placed in the feeding 
cups each day. Daily records were kept in a log book of the amount of
Each week the ratsfood given, food left or spilled, and food eaten.
were weighed and their weights were recorded. Any abnormalities were 
also noted in a log book. PER's are generally calculated over a four 
week period (Horwitz, 1980), however, several investigators (Morrison
15
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and Campbell, 1960; Anon., 1963; Rao, Leela, Swaminathan, and Parpia, 
1964) have shown that the PER's of vegetable protein diets do not decline 
as rapidly as the PER's of higher quality proteins, 
on the diets for five weeks and PER values calculated for each week.
The rats were kept
The diets chosen consisted of foods that could bePreparation of diets:
The foods included in the diets areeaten on a total vegetarian diet.
Foods were obtained from the Medical Center cafeterialisted in Table I.
Since many raw legumes have beenor purchased from a local market, 
shown to be toxic (Akyroyd and Doughty, 1964; Milner, Scrimshaw, and 
Wang, 1978), lentils and navy beans were cooked before they were dried
for feeding. Each food was dried separately. Moist foods, with the
exception of the juices, margarine, peanut butter, and oil were spread 
on large trays and dried in a vacuum dryer at 100°F until dry and then 
ground in a food grinder (MiITstone) or a blender. The normally dry
ingredients, oatmeal and brown rice, were ground in a food grinder 
(Millstone); the soy beverage powder, Soyagen, did not require any
The diets were then mixed; the juices, margarine and peanut-processing.
At this point,butter were added and the diets were dried a second time.
all diets were tested for protein, lipid and moisture content.
Protein determination: Protein analysis was determined using the
Kjeldahl method described by the Association of Official Analytical
Chemists (AOAC) (Horwitz, 1980). The procedure used was: Approximately
1 gram of the sample diet was weighed and placed in a Kjeldahl flask.
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One capful (10.5 mg) of Pro-Pak Powder was added to act as a catalyst, 
and 38 ml of sulfuric acid added, and the flask was shaken to mix the 
The flasks were then heated until the mixture was colorlesscontents.
After cooling, 250 ml of distilled water and a few 
Meanwhile, in volumetric flasks, 100 ml of a
and allowed to cool.
boiling chips were added.
2% solution of boric acid and 5 drops of methyl red indicator were 
These flasks were placed on the reflux rack so that the 
volatile gases of the Kjeldahl flasks could collect inside the
Fifty ml of a 50% sodium hydroxide solution was 
added to each Kjeldahl flask and the flasks placed on the reflux rack.
mixed.
volumetric flasks.
When the reflux was finished, the volumetric flasks were allowed to
cool and the nitrogen content of the mixture was determined by 
titration. A protein conversion factor was calculated for each diet 
mixture from the percentage protein and protein conversion factor of 
each food in the diet. The conversion factors were the following:
Diet 1, 5.89; diet 2, 5.96; diet 3, 5.89; diet 4, 5.94; diet 5, 6.25;
diet 6, 6.38. Values for the percentage protein and nitrogen conversion 
factor were obtained from Bowes and Church (Church and Church, 1975) 
and U.S. Agricultural Handbook #8 (Wat and Merrill, 1975). Percentage 
protein for each diet mixture was then determined.
Lipid analysis: Lipid analysis was determined by the ether extract 
method described by the A0AC (Horwitz, 1980). Approximately 10 grams 
of the sample diet was weighed into a porous thimble. The thimble was
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then placed in the extracting tube of a Soxhlet extractor and connected 
to a collecting flask containing ether. The dry weight of the flask
had previously been recorded. The Soxhlet extractor contained a tube
When the ether in thehaving a siphon arrangement and a side arm. 
collecting flask was heated, vapor passed up the side arm and condensed
in the condenser. The condensed ether fell drop by drop into the 
thimble. When enough ether collected to fill the siphon arm, it 
siphoned back over into the ether containing flask. The process was 
allowed to continue for eight to ten hours after which the flask was
The residue inremoved and the volatile ether allowed to evaporate.
the flask was then weighed to determine the percentage of lipid in the
diet sample.
Moisture analysis: Moisture analysis was done according to the method 
described by the AOAC (Horwitz, 1980). Approximately 15 grams of the 
diet sample was weighed into a low-flat-bottomed dried and tared dish. 
The dish was placed in an air oven and allowed to dry for three to four 
hours at 100°F. At the end of the drying time, the dish was removed 
from the oven by tongs and placed in a desiccator to cool. The dish 
was then weighed to determine percentage of moisture in the sample.
The diets were then made isocaloric and iso-Formulation of diets:
nitrogenous by addition of cornstarch, corn oil, and cellulose to 
result in diets composed of 10% protein, 8% fat, 69% carbohydrate and
Vitamin mixture was added at a 2% level and a standard7% cellulose.
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mineral mixture added at a 4% level to assure adequacy of all vitamins
and minerals. The complete composition of the vitamin mixture is listed
in Table II, and the mineral mixture listed in Table III. All diets
were again evaluated for protein content by the Kjeldahl method as
previously described and adjusted and retested until diets contained
A control diet was prepared using casein at a 10% protein10% protein.
level. Since the casein control diet was quite powdery, water was added 
to bring it to a moisture level comparable to the other diets. All 'v
diets were kept refrigerated until.used in the study.
Data analysis: Significance of the data was determined statistically 
by analysis of variance (Dixon and Massey, 1969). The level of 
significance was <0.05. The dependent variable was the animal's
weight gain and independent variables were initial weight, weight of
protein consumed, week of the study, and group identification. Means
and standard deviations were calculated on the weight gain, weight
of protein consumed, and PER.
20
TABLE I






Soyagen, J'reconsti tuted 1 cup 
Raisins
Oatmeal 3/4 cup





















































































* See Appendix A for further details
1 Loma Linda Foods, Riverside, California
2 Saffola brand
3 ICN Nutritional Biochemicals, Cleveland, Ohio




Vitamin Diet Fortification Mixture *
Vitamin A Concentrate 
(200,000 units per gram)
Vitamin D Concentrate 
































to make 1000.00 gm





U.S.P. Salt Mixture XIV *
Cupric sulfate 




























* ICN Nutritional Biochemicals, Cleveland, Ohio
RESULTS
The objective of this study was to determine the complementary 
effect of vegetable proteins by meals as well as by day, and to evaluate
the quality of leaf protein.
The mean weight gain of rats during the five week period is 
presented in Figure 1. The average weight gain of rats on each of the 
five test diets was quite similar. The greatest increase between weeks 
occurred from the first week to the second week, and after that, the
The rats on the control dietweight gains were relatively constant, 
had significantly higher weight gains as compared to the rats on all
The highest weight gain among rats on the control dietthe test diets.
occurred during the fourth week and after that, there was a significant
reduction in weight gain.
The mean protein intake of rats is presented in Figure 2. Again 
the protein intake of rats on all five test diets was quite similar 
with the intake of group 5 (leafy green vegetable diet) slightly higher 
but not significantly different. The rats on all five test diets 
consumed significantly less protein than the rats on the control diet. 
The protein intake of rats on the control diet was greater as compared
to rats on the test diets.
Figure 3 shows the average PER's for all diets by week on the 
The PER of rats on the test diets were all quite similar andstudy.
The rats on thethere was no significant difference between them.
23
24
control diet had PER's significantly higher than those on all five test
During the fifth week.diets up through the fourth week of the study.
the PER of the control group dropped to where it was similar to the
PER's of the test diets.
Means and standard deviations of weight gain, protein consumption.
and PER for the five week period are summarized in Table IV.
Throughout the study any abnormalities of the rats were noted in a 
By the second week, one animal in group 1 (breakfast diet)log book.
showed denuding of fur along the hind quarters. By the third week, it 
had progressed to the front paws. The fur appeared to be growing back
by the end of the third week, however, there were still patches of
denuded fur.
By the end of the fourth week, one animal in group 2 (lunch diet) 
showed matted fur along its back, and by the fifth week, a second 
animal showed denuding of fur along the right hind leg and near the
tail.
In group 3 (supper diet) matted fur was noted on one animal 
during the fourth week, progressing to slight denuding of fur along
By the fifththe animal's back and near the tail by the fifth week.
week, the fur of another animal in the same group had turned a slight
orange color around the head area.
Among the animals of group 5 (leafy green vegetable diet), during 
the fifth week it was noted that one animal had slight thinning of the
fur along a spot on its back.
25
By the fourth week, one animal in the control group also showed
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WEEKS OF STUDY
Fig. 1 Mean weight gain of rats by weeks on test diets (groups 1 - 5)
and control diet (group 6). Weight gain of rats on control diet 






























Fig 2. Mean protein consumption of rats by weeks on test 
diets (groups 1 - 5) and control diet (group 6). 
Protein consumption of rats on control diet was 
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WEEKS OF STUDY
Fig 3. Mean PER's by weeks on test diets (groups 1 - 5) and control
diet (group 6). No significant difference was seen among test 
diets. PER of rats on the control diet was significantly 
greater (p<.05) than the test diets through the 4th week. 
During the 5th week the control and test diets showed no 
significant difference.
TABLE IV




Mean S.D.Group Init. Wt. S.D. Mean S.D.
(gm)
1 58.3 89.2 10.0 39.3 3.1 2.27 0.14
(breakfast)
2 *68.4 10.7 *36.0 3.958.3 *1.89 0.15
(lunch)
*72.3 12.058.2 *1.85 0.173 38.9 4.6
(supper)
*2.0424 58.2 77.2 10.4 37.9 4.7 0.08
(composite)
5 58.2 83.2 14.4 43.9 5.1 *1.89 0.14
(leafy green)
16 58.3 61.2 6.9164.7 22.3 2.69 0.15
(control)
* At 5% level, these values are significantly lower than underlined values
1 Significantly different at less than 0.01 from all other groups




The results of the study as shown in Figure 3 support the fact, 
reported by several researchers (Porter, 1957; Morrison and Campbell, 
1960; Sanchez, 1961; Anon., 1963; Rao et al, 1964; Myers, 1966) that 
the PER's of vegetable protein diets do not decline as rapidly as those
With time, the differences inof casein or higher quality proteins.
PER are diminished.
Matted fur of the animals was also reported by Myers (1966). 
was thought to be due to the low level of sulfur amino acids in the 
In this study, denuded or matted fur was observed on 
animals from all diet groups except those from the diet 4 (composite)




Due to the fact that the diets werealso shown denuded or matted fur.
all supplemented with adequate vitamins and minerals needed for animal 
growth, it was thought that the matted fur did not reflect a vitamin or 
mineral deficiency, but probably reflected the animals' increased 
requirements for sulfur amino acids, and not the quality of the protein
as required by humans.
It is apparent from the data in Table IV that the PER of diet 4, 
a composite of diets 1, 2, and 3 was not greater than the PER's of the
The PER of diet 4, however,individual diets as had been expected.
appears to be an average of the PER's of diets 1, 2, and 3.
The result of the PER of diet 5 shows no significant difference
30
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This seems to indicate thatfrom the PER's of the other test diets.
the protein quality of leafy green vegetables is similar to that found
in a mixed vegetarian diet.
Animals on the casein control diet consumed significantly more
protein than the animals on the experimental diets, and also gained
These two factors resulted in PER's thatsignificantly more weight, 
were significantly higher for the casein control group than the other
experimental groups. The data does not provide an adequate explanation 
for the results. Statistical analysis showed that the weight of protein 
consumed and the weight gain of the animals were the two factors most 
significant in determining the protein efficiency ratio. Sanchez 
(1961) observed that weight gain closely paralleled the protein 
efficiency ratio. Several other researchers (Bressani et al, 1967;
Kon et al, 1974; Drouliscos, 1976; Edozien and Switzer, 1978) have also
indicated a strong correlation between weight gain and PER.
The most significant parameter in determining the protein 
efficiency ratio is the percentage of protein in the diet based on dry 
weight analysis (Hunt, Forsythe, and Krieger, 1975).
(Horwitz, 1980) procedure states that the level of protein for test
The AOAC
diets should be 10% and a range of 9.7 to 10.3 is acceptable, 
et al (1975) stated that minor fluctuations from this range can influence 
Other researchers (Bressani et al , 1967; Edozien and 
Switzer, 1978) have confirmed that the percentage of protein in the diet
Hunt
the PER values.
is correlated with the PER values up to a certain level. The PER for
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casein diets was greatest when the protein content was approximately 
The PER's of vegetable diets, however, increased as the protein 
in the diet increased up to 18%.
For this study, the percentage protein in the test diets ranged
The protein in the casein control diet was 10.42%. 
It is thought that the significance of the PER of the casein control 
diet could be partially explained by the higher level of protein in the 
diet, and, conversely, the lower percentage of protein in the 
experimental diets could explain their lower protein efficiency ratios.
Another factor to be considered is that the PER of the casein
12%.
from 9.36 to 10.26.
control diet ranged from 3.4 to 1.9 for the five week period (see 
Figure 3) and the PER of the first four weeks ranged from 3.4 to 2.8. 
These values are somewhat higher than those reported by other 
researchers. The standard PER for casein is 2.5. Drouliscos (1976) 
reported a PER of 2.04 for casein, Guggenheim (1967) reported a value 
of 2.56, and Bressani et al (1967) reported a PER of 2.66 for casein 
at an 11.6% protein level.
An adequate explanation cannot be provided on why the PER's of
the control group were so much higher than the standard or the 
experimental diets. Perhaps repeating the study would provide this
information.
SUMMARY
In the past few years there has been some concern as to the
adequacy of the vegetarian diet in providing sufficient high quality
Nutritionists (Am. Dietet. Assoc., 1980) stateprotein (Anon., 1974).
that with careful planning vegetarian diets can adequately supply the 
body's nutritional needs. Plant proteins are limiting in one or more 
essential amino acid (Anon., 1970), but the quality of protein can be 
greatly enhanced by complementation - mixing with another food 
containing sufficient amounts of the limiting amino acid, or supplemen­
tation - adding the deficient amino acids (Giles and Hobday, 1976).
Many studies have been reported (Oke, 1975; Clarke, 1978) showing the 
effects of complementing two or three plant foods. Since all plant 
foods except pure fat and sugar contain protein, it would be expected 
that the protein quality of a complete diet would be higher than the 
quality of only two or three plant foods eaten together. This study 
was undertaken to determine the complementary effect of all vegetable 
proteins in complete meals. The study was designed to determine 
protein complementation by meal as well as by day. Leafy green 
vegetables are becoming more and more prominent as a source of protein 
(Pirie, 1972). A second part of the study was to determine the quality
of leafy green vegetables as the only source of protein in a diet.
The diets chosen consisted of foods that could be eaten on a
total vegetarian diet. Five experimental diets were formulated
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consisting of a typical breakfast diet, a typical lunch, a typical 
supper, a combination of the three meals, and a mixture of leafy green
vegetables. The foods were obtained from the Medical Center cafeteria
Each food was dried individually andor purchased from a local market.
The diets were mixed and tested for proteinthen ground to a powder, 
content by the Kjeldahl method (Horwitz, 1980). Diets were made iso­
caloric and isonitrogenous and consisted of 10% protein, 8% fat, 69% 
carbohydrate, 7% cellulose, 4% mineral mixture, and 2% vitamin mixture. 
The control diet was prepared using casein at a 10% protein level.
Sixty male, weanling Sprague-Dawley rats were divided into six 
groups on the basis of initial weight, and were fed one of the six
The amount of food eaten was measured and recorded daily, anddiets.
weights were recorded weekly. PER values were determined from five
weeks on the study.
The findings showed that there was no significant difference among 
the PER values for each of the five test diets, but PER of the control
was significantly higher than that of any other group up to the fourth
After that, the PER of casein dropped to where itweek of the study.
was similar to the values obtained for the test diets.
It was concluded that the protein quality of leafy green 
vegetables was similar to that of mixed vegetarian diets, 
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